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(57)Abstract: 

PROBLEM TO BE SOLVED: To further improve 
conductivity between a collector and an electrode 
layer, achieve compactness and light weight, and 
provide a high voltage and a high energy density. 
SOLUTION: In an electrode 1 for a nonaqueous 
electrolyte secondary battery having a collector 2, 
and an electrode layer 4 on the collector 2. a 
conductive coating layer 3 including at least either 
one sort of carbon, platinum and gold, for example, is - 
provided to be formed between the collector 2 and 4- 
the electrode layer 4. As a manufacturing method for 
the electrode 1 , etching is conducted on the surface 
of the collector 2 using a sputter ion beam etching 
device, for example, while the coating layer 3 
comprising carbon or the like is formed on the 
collector 2 using an electron beam deposition device, 
for example. 
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damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries characterized by providing 

the following of having at least the process which forms an electrode layer on a charge collector. The etching process which uses 
any one method of plasma etching, sputter etching, and the ion beam etching, and ♦♦♦*******s the aforementioned current 
collection body surface in reduced pressure atmosphere before the process which forms the aforementioned electrode layer on the 
aforementioned charge collector. The process which forms in the aforementioned current collection body surface the coat layer 
which has conductivity. 

[Claim 2] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 1 
characterized by the aforementioned electrode layer containing any one sort of a positive active material and the 
negative-electrode active material. 

[Claim 3] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 2 
characterized by the aforementioned positive active material having the multiple oxide which contains a lithium, sodium, and any 
one sort of metals of aluminum at least. 

[Claim 4] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 2 that 
the aforementioned negative-electrode active material is characterized by including any one sort of carbon, a lithium, sodium, and 
aluminum at least. 

[Claim 5] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 1 
characterized by performing simultaneously the aforementioned etching process and the process which forms the aforementioned 

coat layer. 

[Claim 6] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 1 that 
the process which forms the aforementioned coat layer is characterized by using vacuum deposition, electron beam evaporation, a 

spatter, ion plating, C VD, plasma CVD, and any one method of the ion implantation. 

[Claim 7] The manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 1 
characterized by the aforementioned coat layer containing any one sort of carbon, platinum, and gold at least. 
[Claim 8] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries which is characterized 
by providing the following and which has at least a means to form an electrode layer on a charge collector. An etching means by 
which a means to form the aforementioned electrode layer **********sthe aforementioned current collection body surface in 
reduced pressure atmosphere using any one equipment of plasma etching, sputter etching, and the ion beam etching. A means to 
form in the aforementioned current collection body surface the coat layer which has conductivity. 

[Claim 9] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 8 
characterized by the aforementioned electrode layer containing any one sort of a positive active material and the 
negative-electrode active material. 

[Claim 10] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 9 
characterized by the aforementioned positive active material having the multiple oxide which contains a lithium, sodium, and any 
one sort of metals of aluminum at least. 

[Claim 1 1] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 9 
characterized by the aforementioned negative-electrode active material containing any one sort of carbon, a lithium, sodium, and 

aluminum at least, 

[Claim 1 2] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 8 
to which a means to form the aforementioned coat layer is characterized by using vacuum deposition, electron beam evaporation, 
a spatter, ion plating, CVD, plasma CVD, and any one equipment of the ion implantation. 

[Claim 1 3] The manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries according to claim 8 
characterized by the aforementioned coat layer containing any one sort of carbon, platinum, and gold' at least. 
[Claim 14] The electrode characterized by having the conductive coat layer formed between the aforementioned charge collector 
and the aforementioned electrode layer in the electrode for nonaqueous electrolyte rechargeable batteries which has at least the 

electrode layer formed on the charge collector and the aforementioned charge collector. 

[Claim 1 5] The electrode according to claim 14 characterized by the aforementioned coat layer containing any one sort of carbon, 
platinum, and gold at least. 
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[Claim 16] The nonaqueous electrolyte rechargeable battery characterized by being produced using an electrode according to 
claim 14. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte rechargeable battery using the 
electrode produced in more detail by the manufacture method of the electrode which formed the positive-active-material layer or 
the negative-electrode active material layer in the charge collector, the manufacture method of the electrode for nonaqueous 
electrolyte rechargeable batteries of having the feature in a manufacturing installation, manufacturing installations and these 
manufacture methods, or the manufacturing installation, and this electrode about the nonaqueous electrolyte rechargeable battery 
which used this for the manufacture method, manufacturing installation, and electrode row of the electrode for nonaqueous 
electrolyte rechargeable batteries. 
[0002] 

[Description of the Prior Art] EV(s), such as an electric vehicle or a hybrid car which was adapted for earth environment in recent 
years (Electric Vehicle) (the interest about a field is increasing and improvement in small, lightweight, and an energy density is 
increasingly desired more in the rechargeable battery for these power supplies.) 

[0003] As a rechargeable battery which meets such a request, the nonaqueous electrolyte rechargeable battery using metals, such 
as a high voltage and a lithium which has high-energy density, sodium, and aluminum, as a negative-electrode active material is 
promising. Especially the nonaqueous electrolyte lithium secondary battery using a lithium has good handling nature, and since 
the high vohage and high-energy density are obtained, attention is attracted as a power supply for E V. 

[0004] The composition of the electrode for nonaqueous electrolyte rechargeable batteries is explained below with reference to 
drawing 4 which shows the outline composition cross section of the conventional electrode. The electrode I for nonaqueous 
electrolyte rechargeable batteries consists of electrode layers 4 which are the positive-electrode layer which was formed on the 
charge collector 2 and the charge collector 2, and which contains a positive active material etc. as a positive electrode, and a 
negative-electrode layer which contains a negative -electrode active material etc. as a negative electrode. Generally, these 
electrodes 1 have the structure where the electrode layer 4 is formed in both sides of a charge collector 2. 
[0005] In order to attain further high-energy density- ization of a nonaqueous electrolyte rechargeable battery, it is indispensable 
to aim at conductive improvement between a charge collector 2 and the electrode layer 4, and it is common to use a metallic foil 
for a charge collector 2 in the rechargeable battery of the kind which uses powder for the active material which constitutes the 
electrode layer 4. When the metallic oxide etc. remained on charge collector 2 front face which is this metallic foil, an effective 
way the contact resistance between the electrode layer 4 and a charge collector 2 removed a large next door, this metallic oxide, 
etc., and aimed at conductive improvement between a charge collector 2 and the electrode layer 4 was desired. 
[0006] 

[Problem(s) to be Solved by the Invention] this invention aims at further conductive improvement between a charge collector and 
an electrode layer, and makes it a technical problem to offer the manufacture method of the electrode for small and the 
nonaqueous electrolyte rechargeable batteries which has a high voltage and high-energy density while it is lightweight, a 
manufacturing installation, and the nonaqueous electrolyte rechargeable battery that used this for the electrode row. 
[0007] 

[Means for Solving the Problem] By the manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries of 
this invention The positive electrode in which the positive-electrode layer containing the multiple oxide which contains a lithium, 
sodium, and any one sort of metals of aluminum at least as a positive active material was formed on the charge collector. Or it sets 
to the manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries which produces the negative 
electrode in which the negative-electrode layer which contains any one sort of carbon, a lithium, sodium, and aluminum at least as 
a negative-electrode active material was formed on the charge collector. Before the process which forms an electrode layer in a 
charge collector, in reduced pressure atmosphere, plasma etching. For example, parallel monotonous type etching, reactive ion 
etching, efficient consumer response (Electron Cyclotron Resonance) etching. The etching process which **********g g current 
collection body surface using any one method of the ion beam etching, such as sputter etching, such as magnetron type etching, 
spatter ion beam etching, and reactive ion beam etching The coat layer which has conductivity and which contains any one sort of 
carbon, platinum, and gold at least For example, it is characterized by having the process formed on a charge collector using 
vacuum evaporationo, electron beam evaporation, a spatter, ion plating, C VD (Chemical Vapor Deposition), plasma C VD, and 
any one method of the ion implantation. In this case, an etching process and the process formed on a charge collector can also be 
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performed simultaneously. 

[0008] In the manufacturing installation of the electrode for nonaqueous electrolyte rechargeable batteries of this invention The 
positive electrode which forms the positive-electrode layer of the multiple oxide which contains a lithium, sodium, and any one 
sort of metals of aluminum at least as a positive active material on a charge collector, Or it sets to the manufacturing installation of 
the electrode for nonaqueous electrolyte rechargeable batteries which has a means to produce the negative electrode which forms 
the negative-electrode layer which contains any one sort of carbon, a lithium, sodium, and aluminum at least as a 
negative-electrode active material on a charge collector. A means to form an electrode layer in reduced pressure atmosphere 
Plasma etching, for example, parallel monotonous type etching, Reactive ion etching, efficient consumer response etching, The 
etching means which ♦+********s a current collection body surface using any one equipment of the ion beam etching, such as 
for example, sputter etching, such as magnetron type etching, spatter ion beam etching, and reactive ion beam etching The coat 
layer which has conductivity and which contains any one sort of carbon, platinum, and gold at least For example, it is 
characterized by having a means to form on a charge collector using vacuum evaporationo, electron beam evaporation, a spatter, 
ion plating, C VD, plasma CVD, and any one equipment of the ion implantation. 

[0009] The electrode of this invention is characterized by having been formed between the charge collector and the electrode 

layer at least in the electrode for nonaqueous electrolyte rechargeable batteries which has an electrode layer on the charge 
collector and the charge collector, for example, having the conductive coat layer which contains any one sort of carbon, platinum, 
and gold at least. 

[0010] The nonaqueous electrolyte rechargeable battery of this invention is characterized by being produced using an electrode 
according to claim 14. 

[001 1] The operation by the means mentioned above is described below. Since the coat layer which has good conductivity is 
formed on the charge collector from which the oxide film etc. was removed while the oxide fihn of a current collection body 
surface etc. is removed in a current collection body surface plasma etching, sputter etching, or by canying out ion beam etching 
before forming an electrode layer in a charge collector, conductive improvement between the electrode layers behind formed on a 
charge collector can be aimed at. Moreover, high-energy density-ization of the nonaqueous electrolyte rechargeable battery 
produced using the electrode produced using this manufacture method or manufacturing installation can be attained. 
[0012] 

[Embodiments of the Invention] this invention is applicable to the nonaqueous electrolyte rechargeable battery which used this for 
the manufacture method, manufacturing installation, and electrode row of the electrode for nonaqueous electrolyte rechargeable 
batteries in which the electrode layer containing a positive active material or a negative-electrode active material was formed on 
the charge collector. 

[00 1 3] The composition of the electrode for nonaqueous electrolyte rechargeable batteries is explained with reference to drawing 
1_ which is the outline cross-section block diagram of the electrode of this invention. Generally an aluminum foil etc. is used for 
the charge collector 2 of copper foil and a positive electrode at the charge collector 2 of the negative electrode of the electrode 1 
which constitutes a nonaqueous electrolyte rechargeable battery, in manufacture of an electrode 1 To the charge collector 2 of the 
metallic foil whose thickness is about 20 micrometers, for example obtained by rolling, electrolytic refining, etc. For example, 
after applying and drying the paint which mixed an active material, a binder, etc. of the shape of a 60-nucrometer slurry, a press is 
performed and smoothing of a charge collector 2 and the electrode layer 4 containing an active material and equalization of 
thickness are attained. The electrode 1 has the structure where the electrode layer 4 is formed in both sides of a charge collector 2. 

[0014] It is characterized by this invention aiming at conductive improvement between the electrode layers 4 and charge 
collectors 2 which are behind fonned by etching charge collector 2 front face by any one method of plasma etching, sputter 
etching, or the ion beam etching, and forming further the coat layer 3 which has good conductivity in an etching side before 

forming this electrode layer 4. 

[001 5] The etching process hereafter performed before forming the electrode layer 4 is explained. The plasma etching using the 
barrel type plasma etching system using reactant gas as the I st method of ♦♦********ing charge collector 2 front face etc. occurs 
in reduced pressure atmosphere. There is sputter etching using parallel monotonous type etching which plasma-izes inert gas by a 
direct current, an alternating current, or RF electric field, and **********s a sample front face, for example in reduced pressure 
atmosphere as the 2nd method, reactive ion etching, efficient consumer response etching, a magnetron type etching system, etc. 
As the 3rd method, there is ion beam etching using spatter ion beam etching, a reactive ion beam etching system, etc. which 
irradiate the ion beam of inert gas in reduced pressure atmosphere. One of any methods of these can be used. 
[00 16] Next, after **********ing charge collector 2 front face, any one method of the usual vacuum deposition, an 
electron-beam-evaporation method, a spatter, the ion plating method, CVD, a plasma CVD method, and the ion-implantation is 
used for charge collector 2 front face, and the conductive coat layer 3 is formed in it. 

[0017] Moreover, the process which carries out spatter ion beam etching using the ion beam of inert gas, and the process which 
forms the coat layer 3 by vacuum evaporationo can also be performed simuhaneously. This is explained below with reference to 
drawing 2 which is the outline block diagram of vacuum membrane formation equipment. This vacuum membrane formation 
equipment 5 adds the ion beam irradiation equipments 8, such as an argon, to the vacuum evaporation system using the 
conventional electron beam. That is, the high-speed ion beams 9 by which outgoing radiation was carried out from the ion beam 
irradiation equipment 8, such as an argon, are irradiated for example, on a roll-like aluminum foil or the charge collector 2 of 
copper foil in the reduced pressure atmosphere exhausted by evacuation equipment 7 within the vacuum chamber 6. 
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f/Simultaneously, from the electron beam irradiation equipment 10, an electron beam 1 1 is irradiated at the evaporation-source ^ 
(crucible 1 2 filled up with either carbon, gold and platinum, the vacuum evaporationo of the evaporation atom 1 3 which dissolved 
with this electron beam 1 1 and evaporated is carried out on a charge collector 2, and the coat layer 3 is formed. Since an etching 
process and the process which forms the coat layer 3 can be performed simultaneously by this, it can contribute to improvement in 
a throughput etc. Still more detailed explanation is described below. *» 
[001 8] Being sent out from the delivery roll 1 4 and supported by the guide rolls 1 7 and 1 8, the vacuum evaporationo of the 
charge collector 2 is carried out on the can roll 15, and it is rolled round by the roUing-up roll 16. The can roll 15 can also contain 
a cooler style (un-illustrating), when there is a possibility that a charge collector 2 may receive thermal damage. The ion beam 9 
of an argon ionizes and accelerates, and the vacuum evaporationo of the evaporation atom 13 which evaporated from the 
evaporation-source crucible 12 at this time is carried out on a charge collector 2. Moreover, since the charge collector 2 is 
impressed to negative by the DC power supply (un-illustrating), spatter ion beam etching of the front face of a charge collector 2 
is carried out by the ion beam 9 of an argon. An oxide, fats and oils, etc. of charge collector 2 front face are removed by the above 
process, and while preventing generation of the metallic oxide used as a resistance component etc., the coat layer 3 which has 
good conductivity and good oxidation resistance, such as precise carbon, platinum, and gold, can be ftrrther formed on it. 
Therefore, the contact resistance between the electrode layers 4 formed behind can be reduced, the energy density of the 
nonaqueous electrolyte rechargeable battery produced using the electrode 1 constituted using this charge collector 2, the coat 
layer 3, and the electrode layer 4 can be made into size, and a cell property can be raised. 

[001 9] It applies to manufacture of the electrode 1 for nonaqueous electrolyte rechargeable batteries which has the process which 
forms the electrode layer 4 in the charge collector 2 of a positive electrode and a negative electrode for the vacuum membrane 
formation equipment 5 of an example explained with reference to above-mentioned drawing 2 hereafter, and the example of the 
nonaqueous electrolyte rechargeable battery produced using these electrodes 1 and the example of comparison of the conventional 
nonaqueous electrol)rte rechargeable battery are explained. 

[0020] As an example 1 of an example I nonaqueous-electrolyte rechargeable battery, it produced on condition that the 
following. As a positive electrode, the electrode 1 was produced as follows. Having used vacuum membrane formation equipment 
5 for both sides of the charge collector 2 of an aluminum foil with a thickness of about 20 micrometers manufactured by rolling, 
and the ion beam 9 of an argon performing spatter ion beam etching to them, the electron beam 1 1 was irradiated at the 
evaporation-source crucible 1 2 filled up with carbon, vacuum evaporationo was performed, and the coat layer 3 which consists of 
about lOOnm carbon was formed. Next, the electrode layer 4 which mixed 90, 5.94, the 0.06 weight sections, and the 
polyvinylidene-fluoride 4 weight section of a binder for a graphite powder and the end of a carbon powder, respectively as the 
positive active material and electric conduction assistant of lithium manganese spinel oxide powder, and the 
N-methyl-2-pyrrolidone was made to distribute this mixture, and was made into the shape of a slurry was pressed in the vacuum 
evaporationo side of the coat layer 3 of an aluminum foil after an application and dryness, and it considered as the band-like 
electrode 1 . The plied timber thickness after fabrication of an electrode 1 is about 140 micrometers. 

[0021] As a negative electrode, the electrode 1 was produced as follows. Having used vacuum membrane formation equipment 5 
for both sides of the charge collector 2 of copper foil with a thickness of 1 5 micrometers manufactured by rolling, and the ion 
beam 9 of an argon performing spatter ion beam etching to them, the electron beam 1 1 was irradiated, vacuum evaporationo was 
performed to die evaporation-source crucible 12 filled up with carbon, and about lOOnm coat layer 3 was formed in it. The 
electrode layer 4 which mixed the polyvinylidene-fluoride 10 weight section which is the negative-electrode active material and 
binder of the graphite-powder 90 weight section, and the N-methyl-2-pyrroIidone was made to distribute this mixture, and was 
made into the shape of a slurry was pressed in the vacuum evaporationo side of the coat layer 3 of copper foil after an application 
and dryness, and it considered as the band-like electrode 1 . The plied timber thickness after fabrication of an electrode 1 is about 
1 00 micrometers. 

[0022] As an example 2 of an example 2 nonaqueous-electrolyte rechargeable battery, it produced on condition that the 
following. As a positive electrode, the electrode 1 was produced as follows. It produced on the same conditions as the positive 
electrode of an example 1 , and vacuum evaporationo thickness of the coat layer 3 which consists of carbon to the charge collector 
2 of an aluminum foil was set to 50nm. 

[0023] As a negative electrode, the electrode 1 was produced as follows. The electrode 1 was produced on the same conditions as 
the negative electrode of an example 1 , and vacuum evaporationo thickness of the coat layer 3 which consists of carbon to the 
charge collector 2 of copper foil was set to 50nm. 

[0024] As an example of comparison of the example nonaqueous electrolyte rechargeable battery of comparison, it produced on 
condition that the following. As a positive electrode, an electrode 1 is produced on the same conditions as an example 1, and the 
vacuum evaporationo of the coat layer 3 which consists of carbon to the charge collector 2 of an aluminum foil is not performed. 
[0025] As a negative electrode, an electrode 1 is produced on the same conditions as an example 1, and the vacuum evaporationo 
of the coat layer 3 which consists of carbon to the charge collector 2 of copper foil is not performed. 

[0026] The electric resistance of the electrode 1 for the nonaqueous electrolyte rechargeable batteries of the examples 1 and 2 of 
the measurement above of the electric resistance of an electrode 1 and the example of comparison is measured, and a result is 
shown in [Table 1 ]. From Table 1, while the electrode 1 of examples 1 and 2 carries out spatter ion beam etching of the front face 
of a charge collector 2 as compared with the electrode 1 of the example of comparison, by having formed the coat layer 3 which 
consists of carbon shows that electric resistance falls. 
[0027] 
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[Table 1] 
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[0028] The electric discharge property was measured about the nonaqueous electrolyte rechargeable battery of the 
above-mentioned examples 1 and 2 and the example of comparison. The result which measured the electric discharge output 

(energy density) to depth of discharge DOD (Depth of Discharge) is shown in drawing 3 . 

[0029] Before forming the electrode layer 4 in the charge collector 2 of an electrode 1 , while carrying out spatter ion beam 
etching of the front face of the metallic foil of a charge collector 2 from the above-mentioned result, by forming the coat layer 3 
which consists of carbon, for example by vacuum evaporationo, the internal resistance of an electrode 1 decreased, the electric 
discharge property of the nonaqueous electrolyte rechargeable battery produced using this electrode 1 etc. improved, and the 
effectiveness of this invention has been checked. 
[0030] 

[Effect of the Invention] According to the manufacture method of the electrode for nonaqueous electrolyte rechargeable batteries 
of this invention, and the manufacturing installation, the electrode by which conductive improvement betw^een a charge collector 
and an electrode layer was achieved is producible. And the nonaqueous electrolyte rechargeable battery produced using this 
electrode can attain high-energy density-ization. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 
PBrief Description of the Drawings] 

[Draw ing 1] It is the outline composition cross section of the electrode of this invention. 

[Drawing 2] It is the outline block diagram showing the vacuum membrane formation equipment of this invention. 

[Drawing 3] The electric discharge property of the nonaqueous electrolyte rechargeable battery of this invention is shown, and it 

is the related view^ of DOD and an energy density. 

[Drawing 4] It is the outline composition cross section of the conventional electrode. 
[Description of Notations] 

1 ~ electrode, 2 - charge collector, and 3 ~ a coat layer, 4 — electrode layer, 5 - vacuum membrane formation equipment, and 6 
— a vacuum chamber, 7 — evacuation equipment, 8 — ion beam irradiation equipment, and 9 — an ion beam, 10 — electron beam 
inradiation equipment, 1 1 ~ electron beam, and 1 2 ~ an evaporation-source crucible, 13 evaporation atom, 14 ~ delivery roll, 
and 15 - a can roll, 16 - rolling-up roll. 17, and 18 - guide roll 
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